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Abstract 
In the educational field the development of executive functions is a very current topic especially regarding the different aspects of 
attention, concentration and memory. This research aims at the observation of the change of some neuropsychological functions 
after cognitive stimulation of 13 consecutive weeks with the BAPNE method. The explored functions are afferent to the model of 
executive functions (Diamond 2013) which are fundamental for cognitive development. Attention has been given to low-level 
functions (inhibitory control and attention, working memory and flexibility) which are stimulated in the BAPNE activity. The 
sample consists of 21 children chronologically aged between 8 and 9 and the control group is formed by 19 children of the same 
age who didn’t do any other activity apart from the traditional education. All the children have been evaluated pre and post the 
course using standardized tests evaluating inhibitory control, working memory and response times in focalized, sustained, selective 
and divided attention tasks. Tests built ad-hoc have been added for the qualitative evaluation of the change, especially the 
maintenance of a motor sequence, of rhythm and of tempo (timing circuit stimulation). Obtained data shows how BAPNE 
stimulation in an educational context can improve some fundamental functions for learning such as inhibiting and attention; 
children are more able to memorize motor sequences and carry out more tasks simultaneously. Data shows the benefits of the 
BAPNE method and pave the way to reflections for further in-depth study in the neuropsychological field. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Schools, especially primary school, have lately experienced an increase in problems related to learning. The number 
of children with attention disorders, hyperactivity, dyslexia and special educational needs in general has risen. The 
school environment does not have enough resources to face the growing number of problems such as these and the 
necessary educational instruments and special competences are lacking in their offer of learning support for these 
children.  
School organizations often do not provide spaces dedicated to movement and the children are kept sitting down for 
many hours a day with a resulting increase in stress levels precisely due to the lack of freedom of movement. For this 
reason it is necessary to identify new ways of learning which contemplate movement in association with cognitive 
stimulation and social-emotional aspects, with particular reference to special needs.  
Regarding attention, concentration and memory, which are functions in strict association with learning, they are 
normally supported by the presence of movement and social-affective relations (Moral-Bofill et al., 2016) fundamental 
for what concerns the acquisition of content and memorization (Damasio, 1994).  
A new educational approach, which may positively sustain school learning, favoring the performance increase of 
the principal mechanisms which are at the base of cognitive functions, is therefore extremely necessary. Working 
memory, different types of attention (Posner, 1971), inhibitory mechanisms, visual-spatial memory are aspects which, 
properly stimulated, may support a more efficient and rewarding learning experience.  
Regarding attention in particular, it is noted how it is closely related to movement and some studies associate the 
attention deficit (ADHD) to the ability to maintain a regular position for some time (Gilden, 2009). A music related 
approach could therefore provide an effective support in the development of attention, concentration and memory and 
more generally in executive functions. 
“Executive functions represent a complex neuropsychological construct which refers to a family of competences. 
These abilities are necessary when we need to concentrate, think, when we perform automated tasks or when we act 
on impulse” (Diamond, 2016).  
Executive functions refer to a group of processes which control or modulate cognition with respect to changes in 
the environment, requests and tasks offered, we can thus imagine these functions as a system of monitoring and control 
of incoming information.  
The literature identifies three central “low level” nuclei: inhibitory control, working memory and cognitive 
flexibility (Miyake 2000, Freidman 2000, Diamond 2013) from which higher level executive functions such as 
reasoning, problem solving and planning develop. Scientific literature has many studies regarding attention and its 
deficits, the common tendency is to consider it as an independent function to be analysed singularly without 
considering wider frameworks of interpretation.  
We may think of the executive functions as divided in cognitive “cool” and emotional “hot” components (Zalazo, 
2003) which show how attention and motivation are to be considered, even though independent one from the other, 
as closely interacting. 
Research and the theoretical model regarding the BAPNE method (Romero-Naranjo, 2011) suggest connecting 
elements within the context of hot and cool low-level executive functions. Going in further detail with these, the 
exercises offered by the BAPNE method stimulate inhibitory mechanisms, meant as the ability to resist distraction 
and keeping oriented to a specific request, commonly known as focal and selective attention (Names, Clap Change, 
Cuban Clave, among others).  
Concerning the inhibitory control of behavior meant as the suppression of an overwhelming or automatic response 
(action inhibition) there are many activities offered by the BAPNE method (Circular-Variable Coordination, Canons 
with inner listen, Reverse and Opposite Reaction, among others).  
BAPNE activities stand out for a smaller working memory load, fundamental function to keep in mind the acquired 
information and to be able to elaborate them. Working memory is expressed through variables to be kept into 
consideration when undertaking a task.  
The third group of executive functions seems to be the flexibility that is the ability to switch the attentive focus 
easily and quickly; its development would seem to depend on a combination of working memory and inhibitory control 
(in BAPNE Measures Change, Polimetry and Poliryhtmics, among others).  
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2. Methods 
40 children aged 8.34 years on average have taken part, enrolled in the third year of primary school in the school 
institute of Codroipo (Udine - Italy). The experimental plan took two groups into account: the first made up of 21 
children (n=21) and a control group of 19 (n=19). Of all participating subjects only the ones who carried out all the 
pre/post tests were considered, with a consequent reduction of the experimental sample group (n=17) and of the control 
group (n=10).  
The experimental group carried out 26 activity sessions using the BAPNE method (twice a week) each lasting 60 
minutes during school hours from 2:30 p.m. to 3:30 p.m. for a total duration of 13 weeks. During sessions the activities 
for the first level of the BAPNE method were carried out according to the framework indicated in the application 
protocol, adapting the various exercises to the response of the class group.  
The sessions took place in the school facilities with the presence and participation of the referring teacher for the 
class involved. The control group did not carry out any activity differing from the usual curriculum in the program. 
All subjects have undergone the Mouvement ABC test (Italian Version M.Biancotto et al. - Giunti OS 2013) with 
the objective of identifying and excluding children with significantly altered motor profiles from the sample; a score 
equal or below 15% was to be considered relevant for an exclusion from the sample.  
The evaluation protocol pre/post BAPNE activity took into account the implementation of some tests taken from 
the standardized ones in Italy; the tests have been chosen based on the theoretical framework of the executive functions 
as previously stated. In particular, the intention has been to evaluate the inhibitory mechanism with the Nepsy II test 
(C.Urgesi et.al. - Giunti O.S. 2011) under the three conditions (denomination, inhibition, switching).  
From the same battery the test for manual motor sequences was chosen for the neuropsychological aspect related 
to the evaluation of working memory. This measurement reveals itself to be fundamental for BAPNE since the 
activities for this method are essentially structured around the fine and gross motor skills aimed at stimulating working 
memory and of different types of attention.  
Regarding sustained attention some tests for the computerized array of attentive testes Attention and Concentration 
(S.Nuovo - Erickson 2013), specifically, a test was chosen to measure basic reaction times, one to measure selective 
attention (auditory and visual), one for distributed attention (auditory-visual dual task) and one for resistance to 
distraction (colour stroop test).  
Finally, since BAPNE is a method which stimulates the visual-spatial field, two tests from the BVS-Corsi battery 
have been chosen (I.C. Mammarella et. al. Erickson 2008). The chosen tests were “Active simultaneous matrix test” 
and “Path on matrix tests” which require the elaboration and movement of elements on progressively bigger matrixes.  
To better evaluate the changes produced by the introduction of BAPNE two ad-hoc qualitative tests were produced 
to measure significant elements for the method such as maintaining the impulse and the ability to keep up a motor 
sequence regularly and precisely (gross motor skills).  
2.1. Maintenance of the impulse Test 
The test relative to the maintenance of the impulse was constructed on the basis of a study by Gilden (2009) 
introducing some changes: the child is asked to apply a manual movement with double task which consists in tapping 
his hands on the table alternating an opening and closing movement of the (flexed and extended) with one of the hands 
ad libitum. 
The protocol consisted in presenting the child with 16 auditory impulses provided by a multi-speed digital 
metronome (60 bpm, 40 bpm and 30 bpm). Consequently the children had to reproduce as closely as possible, and for 
60 seconds and for three times, the rhythmic-motor sequence they had previously seen.  
The test was repeated in its entirety for three times, with different metronome speeds (60 bpm, 49 bpm and 30 
bpm). The data was collected through proprietary software by the BAPNE research group (care of U.Vivi) which 
allowed the encoding of the number of impulses executed per unit of time (60 seconds) and the adherence to the speed 
presented each time (60 bpm, 40 bpm, 30 bpm). 
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2.2. BAPNE motor sequence Test 
The test relative to the BAPNE motor sequence consisted in presenting the child with the motor sequence (Fig. 1) 
which consists in 4 beats with the hands and 7 beats on the thighs at the reference speed of 80 bpm, then he had to 
execute, repeat and correctly maintain the acquired movement for 60 seconds. In this case the data was collected via 
video recording of the execution and subsequent visual encoding. 
 
 
      
 
Fig. 1. BAPNE Motor Sequence 
3. Results 
Raw data collected during the tests has been compared by statistical analysis using SPSS software. No significant 
differences have been found in the MABC2 tests, which shows a normo-typical progress of the children meaning no 
child had to be excluded from the sample. 
From the general analysis a significant difference arises between the groups upon collecting entrance data, in fact 
the experimental group revealed itself to be tendentially better at the executive function tests with respect to the control 
group. That is although both groups belong to the same population and therefore the Anova test returns no significant 
results for any entrance test, the test results for subjects tested show very different progress. The experimental group 
proved to be tendentially more performing at executive function tests with respect to the control group which had 
some subjects with medium-low scores.  
Although statistically relevant differences have not been registered, interesting variations do emerge in the control 
group particularly in the alternative base tests such as NEPSY II. Analysing the T-test for paired samples pre and post 
BAPNE course, that is, the experimental group shows a significant tendency towards improvement in all tests with 
the exception of accuracy in terms of errors which is less significant and to be attributed to the low number of mistakes 
made by children in general. In test C (switching) the data is statistically significant both for the times and for the 
accuracy (Table 1 and 2). 
Table 1. Correlations for paired samples in Control Group NEPSY II (C.Urgesi et.al. - Giunti O.S. 2011)  
Correlations for paired samples (subject=0,0000 Control Group) N Correlation Sig. 
Pair 1 INIB A time and INIB A time POST 10 ,800 ,005 
Pair 2 INIB A errors and INIB A errors POST 10 ,110 ,761 
Pair 3 INIB B time and INIB B time POST 10 ,152 ,676 
Pair 4 INIB B errors and INIB B errors POST 10 ,595 ,069 
Pair 5 INIB C time and INIB C time POST 10 ,519 ,124 
Pair 6 INIB C errors and INIB C errors POST 10 ,630 ,051 
Table 2. Correlations for paired samples in Experimental Group NEPSY II (C.Urgesi et.al. - Giunti O.S. 2011)  
Correlations for paired samples (subject=1,0000 Experimental Group) N Correlation Sig. 
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Pair 1 INIB A time and INIB A time POST 16 ,698 ,003 
Pair 2 INIB A errors and INIB A errors POST 16 ,475 ,063 
Pair 3 INIB B time and INIB B time POST 16 ,458 ,075 
Pair 4 INIB B errors and INIB B errors POST 16 ,203 ,451 
Pair 5 INIB C time and INIB C time POST 16 ,567 ,022 
Pair 6 INIB C errors and INIB C errors POST 16 ,546 ,029 
 
Regarding the computerized tests the experimental group shows a statistically significative change in test 1 
(reaction times) and test 3B (selective-visual attention). The control group also shows a tendency towards 
improvement though of minor entity probably due to the re-test effect (Table 3 and 4). The other tests used have not 
returned any significative differences between experimental group and control group and therefore have not been 
presented in this article (test - retest effect). 
Table 3. Attention and Concentration (S.Nuovo - Erickson 2013) Correlations for paired samples in Control Group 
Correlations for paired samples (subject=0,0000 Control Group) N Correlation Sig. 
Pair 2 Test1 time average and Test1 time average POST 16 ,702 ,002* 
Pair 3 Test3a errors and Test3a errors POST 16 ,112 ,680 
Pair 5 Test3a time average and Test3a time average POST 16 ,173 ,521 
Pair 6 Test3b errors and Test3b errors POST 16 -,169 ,531 
Pair 7 Test3b time average and Test3b time average POST 16 ,685 ,003* 
Pair 8 Test5 errors and Test5 errors POST 16 ,517 ,040 
Pair 10 Test5 time average and Test5 time average POST 16 ,114 ,673 
Pair 12 Test6b time average and Test6b time average POST 16 ,401 ,123 
Table 4. Attention and Concentration (S.Nuovo - Erickson 2013) Correlations for paired samples in Experimental Group 
Correlations for paired samples (subject=1,0000 Experimental Group) N Correlation Sig. 
Pair 2 Test1 time average and Test1 time average POST 10 ,607 ,063 
Pair 3 Test3a errors and Test3a errors POST 10 ,302 ,397 
Pair 5 Test3a time average and Test3a time average POST 10 ,451 ,191 
Pair 6 Test3b errors and Test3b errors POST 10 . . 
Pair 7 Test3b time average and Test3b time average POST 10 ,701 ,024 
Pair 8 Test5 errors and Test5 errors POST 10 ,492 ,148 
Pair 10 Test5 time average and Test5 time average POST 10 ,066 ,856 
Pair 12 Test6b time average and Test6b time average POST 10 ,301 ,397 
 
Much more interesting, on the other hand, have been the statistical analyses on data collected by the experimental 
tests relative to maintaining rhythm and repeating motor sequences; with this data the variation coefficient for the 
sample (Ĉv) as well as the Average Absolute Deviation (AAD) were calculated. What is more prevalently detected is 
a drop in the AAD index in the metronome test (maintaining the pulse) after the 13 weeks of BAPNE course. 
What is mostly noted is a reduction of the AAD index in the metronome test (maintenance of the pulse) following 
the 13 weeks of BAPNE course. As displayed by Gilden (2009) the children show difficulty holding a pulse at a low 
BPM rate, yet the children in the experimental group have been able to respond in a more punctual and precise way, 
precisely in the slower tempos (30 bpm, 40 bpm) as inferred by the dispersion indexes. In post evaluation in fact the 
percentage of dispersion drops and the average response time comes nearer to the proposed time (Fig.2.a,b). 
 
905 Giorgio Cozzutti et al. /  Procedia - Social and Behavioral Sciences  237 ( 2017 )  900 – 907 
(a)     (b)     (c) 
Fig. 2. Maintenance of the impulse test results in Experimental Group in Pre (a) and Post (b) and Key (c) 
Exposure to BAPNE activities characterized by a strong rhythmic connotation connected to the achievement of 
psychomotor coordination has evidently influenced the perception of regularity (bpm). We may say that, also 
regarding the test of the BAPNE motor sequences, through the analysis of the dispersion indexes, children have been 
capable of executing a greater number of correct sequences. The average number of executed sequences proves to be 
inferior with respect to the initial evaluation, the children, essentially, turn out to be more aware and capable of 
controlling this process completing fewer sequences but correctly (Fig.3. a,b). 
--- Pre ♩ =30 --- 
Central tendency: 
x̄ = 1468 ms ≈ 41 bpm 
x̃ = 1447 ms ≈ 41 bpm 
Statistical dispersion: 
ĉᵥ = 33 %  ?  s = 484 ms 
AAD = 408 ms ?  s² = 234 m[s]² 
 
--- Pre ♩ =40 --- 
Central tendency: 
x̄ = 1169 ms ≈ 51 bpm 
x̃ = 1177 ms ≈ 51 bpm 
Statistical dispersion: 
ĉᵥ = 34 %  ?  s = 401 ms 
AAD = 330 ms ?  s² = 161 m[s]² 
 
--- Pre ♩ =60 --- 
Central tendency: 
x̄ = 862 ms ≈ 70 bpm 
x̃ = 857 ms ≈ 70 bpm 
Statistical dispersion: 
ĉᵥ = 24 %  ?  s = 210 ms 
AAD = 164 ms ?  s² = 44 m[s]² 
--- Post ♩ =30 --- 
Central tendency: 
x̄ = 1839 ms ≈ 33 bpm 
x̃ = 1809 ms ≈ 33 bpm 
Statistical dispersion: 
ĉᵥ = 26 %  ?  s = 482 ms 
AAD = 362 ms ?  s² = 233 m[s]² 
 
--- Post ♩ =40 --- 
Central tendency: 
x̄ = 1488 ms ≈ 40 bpm 
x̃ = 1432 ms ≈ 42 bpm 
Statistical dispersion: 
ĉᵥ = 19 %  ?  s = 283 ms 
AAD = 219 ms ?  s² = 80 m[s]² 
 
--- Post ♩ =60 --- 
Central tendency: 
x̄ = 1051 ms ≈ 57 bpm 
x̃ = 1001 ms ≈ 60 bpm 
Statistical dispersion: 
ĉᵥ = 21 %  ?  s = 216 ms 
AAD = 156 ms ?  s² = 47 m[s]² 
KEY 
x̄ : sample weighted arithmetic mean 
x̃ : sample median 
s : sample standard variation 
ĉᵥ = ˢ⁄x̄ : sample Coefficient of Variation 
s² : sample variance 
AAD : Average Absolute Deviation 
906   Giorgio Cozzutti et al. /  Procedia - Social and Behavioral Sciences  237 ( 2017 )  900 – 907 
 (a)       (b) 
Fig. 3. BAPNE motor sequence test results in Experimental Group in Pre (a) and Post (b) 
4. Discussion and Conclusions 
This initial pilot study opens other future prospects connected to the BAPNE Method in relation to executive 
functions. The data, which has been collected from custom qualitative tests proves to be interesting, the gathering of 
further data could provide useful elements to contribute in a greater understanding of the perception of the rhythm in 
association with attention and the pulse upkeep.  
Regarding the protocol which has been followed we observe, however, that the use of neuropsychological tests 
originally compiled for the identification of specific deficiencies proves itself to be limiting in a context made up of 
able-bodied children, since said tests do not allow for the measurement of subtle fluctuations.  
The choice of test will need to be geared, in the future, towards more specific tests exploring basic executive 
functions such as inhibition mechanisms, selective attention and split attention. The sample collected in this study, in 
addition, does not prove to be sufficiently large, for this reason a more significant collection of data is necessary in a 
future research, which may offer more complete results.  
It is also important to underline that the practice of the BAPNE method has shown, in a qualitative observation, 
interesting aspects from a social-emotional perspective especially regarding the children’s perception of themselves 
as well as of their ability in the class group. Furthermore it would be then interesting to evaluate the possible changes 
with respect to the dynamics of the group itself as well as the perception of the teachers with respect to the single pupil 
and the group, whether they be continually present or extraneous to the activities.  
Under this aspect it would be interesting in a future study to submit the individual children and the referring teachers 
to psychological tests to evaluate the consequence of the method from an emotional point of view also with respect to 
## Pre SEQUENCES ## 
Central tendency: 
x̄ = 12.466666 SEQ. 
x̃ = 11.0 SEQ. 
Statistical dispersion: 
ĉᵥ = 27 %   ?  s = 3.313752 SEQ. 
AAD = 2.488889 SEQ. ?  s² = 10.980952 SEQ.² 
 
## Pre CORRECT SEQUENCES ## 
Central tendency: 
x̄ = 4.133333 SEQ. 
x̃ = 1.0 SEQ. 
Statistical dispersion: 
ĉᵥ = 110 %  ?  s = 4.5334735 SEQ. 
AAD = 4.2755556 SEQ. ?  s² = 20.552382 SEQ.² 
 
## Pre WRONG-BUT-STEADY SEQUENCES ## 
Central tendency: 
x̄ = 3.5333333 SEQ. 
x̃ = 0.0 SEQ. 
Statistical dispersion: 
ĉᵥ = 138 %  ?  s = 4.882427 SEQ. 
AAD = 4.0444446 SEQ. ?  s² = 23.838095 SEQ.² 
 
## Pre SELF-CORRECTIONS ## 
Central tendency: 
x̄ = 0.8 S.-C. 
x̃ = 0.0 S.-C. 
Statistical dispersion: 
ĉᵥ = 135 %  ?  s = 1.0823256 S.-C. 
AAD = 0.85333335 S.-C. ?  s² = 1.1714286 S.-C.² 
## Post SEQUENCES ## 
Central tendency: 
x̄ = 10.6 SEQ. 
x̃ = 10.0 SEQ. 
Statistical dispersion: 
ĉᵥ = 17 %   ?  s = 1.8439089 SEQ. 
AAD = 1.3866667 SEQ. ?  s² = 3.4 SEQ.² 
 
## Post CORRECT SEQUENCES ## 
Central tendency: 
x̄ = 6.266667 SEQ. 
x̃ = 7.0 SEQ. 
Statistical dispersion: 
ĉᵥ = 71 %   ?  s = 4.4475784 SEQ. 
AAD = 3.8488889 SEQ. ?  s² = 19.780952 SEQ.² 
 
## Post WRONG-BUT-STEADY SEQUENCES ## 
Central tendency: 
x̄ = 3.0 SEQ. 
x̃ = 2.0 SEQ. 
Statistical dispersion: 
ĉᵥ = 133 %  ?  s = 4.0 SEQ. 
AAD = 3.0666666 SEQ. ?  s² = 16.0 SEQ.² 
 
## Post SELF-CORRECTIONS ## 
Central tendency: 
x̄ = 0.4 S.-C. 
x̃ = 0.0 S.-C. 
Statistical dispersion: 
ĉᵥ = 207 %  ?  s = 0.8280787 S.-C. 
AAD = 0.58666664 S.-C. ?  s² = 0.6857143 S.-C.² 
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personality and, subsequently, to be able to associate and integrate the neuropsychological data. Since a current 
research activity about the BAPNE method, at this time, has not yet been carried out, in connection to 
neuropsychological functions, this work helps us to understand which will be the areas of investigation for future 
studies. In this study we have focused on the observation of cold functions (Zalazo, 2003), it would be therefore 
interesting to collect data regarding hot functions in the light of what has been observed qualitatively.  
To conclude, the collected information shows a significative change in the task-oriented tests, especially regarding 
the regularity in the repetition of the impulse and in the BAPNE motor sequences. The deceleration which has been 
measured, proportional to greater accuracy appears to be representative of a function in learning which needs control 
mechanisms and not yet automated.  
The practice of BAPNE which has been observed in this study for the duration of 13 weeks, although enough to 
show a change in the basic executive functions and to generate fluctuations in the distribution of the performance, 
needs, in order to stabilize and generalize the consequences on attentive abilities, longer duration of the exposition. 
Nonetheless this study has allowed us to infer very useful elements for future research. 
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